The ability of SPECT measurements with [99mTc]-HM-PAO (Ceretec) to find the location of the epileptic focus was studied in patients under consider ation for neurosurgical treatment for therapy-resistant fo cal epilepsy. The location of low [99mTcl-HM-PAO up take regions found at interictal measurements, and of high [99mTcl-HM-PAO uptake regions found at ictal measure-
In patients under consideration for neurosurgical treatment of therapy-resistant focal epilepsy, the aim of the work-up is the localization of the epilep togenic focus by EEG recordings. In most cases, prolonged EEG/video monitoring is necessary, tak ing interictal and ictal epileptiform EEG discharges into account. It is also mandatory to search for mor phological changes with the highest possible spatial resolution with computed tomography (CT) and/or magnetic resonance imaging (MRI) techniques.
It has been known for a long time that focal ictal seizure activity causes a circumscribed increase of cerebral blood flow (CBF) as a result of the in creased metabolic demand. lnterictally, the region of the epileptic focus usually shows hypoperfusion and hypometabolism relative to the rest of the brain (Ingvar, 1975; Hougaard et aI., 1976; Lavy et aI., 1976; Kuhl et aI., 1980; Engel et aI., 1982a Engel et aI., , 1982b Yamamoto et aI., 1983; Abou-Khalil et aI., 1987; Valmier et aI., 1987; Andersen et aI., 1988; Podreka et al., 1988) .
Positron emission tomography (PET) in patients with partial complex seizures often reveals a large S95 ments, was compared to the findings of extensive ictal and interictal EEG examinations, and to the results of CT and MRT. While EEG revealed focal epileptic activity in all of the 14 patients, SPECT showed regional abnormal ities in l3 (93%). CT and MRT showed abnormal findings in 30%.
area of hypometabolism greatly exceeding the elec troencephalographic focus (Engel, 1983) . The pathophysiological mechanism behind this phenom enon is still unclear (Engel, 1982c) . However, it provides an opportunity of obtaining information about which hemisphere is most affected by the ep ileptic process, independent of the electrophysio logic data. Earlier studies with iodoamphetamine (Sanabria et aI., 1983) and [99ffiTc]-HM-PAO (Bier sack et aI., 1987; Buell et aI., 1987; Podreka, 1987) suggest that similar information can be obtained in SPECT studies, which are much more easily avail able clinically.
The aim of the present study was to correlate clinical, CT (and MRI), and EEG findings with [99ffiTc]_HM_PAO single photon emission com puted tomography (SPECT) in a group of patients with therapy-resistant focal epilepsy. The study is preliminary and does not provide correlations with postoperative results. grand mal seizures. One patient (no, 12, Table 1 ) had astatic fits combined with absences. Another patient (no. 4, Table 1 ) had a history of moderate psychomotor retar dation and right-sided spastic hemiparesis first discov ered during the neonatal period. Her seizures had been under reasonable control until 3 weeks before the study when her seizure condition deteriorated into a status ep ilepticus that recurred even after long periods of thiopen tal sodium anesthesia. At the time of the SPECT study, she had continuously ongoing and widely spread epilep tiform activity in the EEG over the left hemisphere and minor motor seizures in her right arm. A third patient (no. 5, Table 1 ) with partial motor seizures was studied at a time with no clinical seizures but with continuously on going epileptiform activity in the EEG at the time of [99ffiTc]_HM_PAO injection. The remainder of the pa tients were studied interictally.
PATIENTS AND METHODS
All patients had been studied extensively with EEG when awake and during sleep. Ictal EEG recordings were obtained with long-term monitoring for 1-2 weeks using an Oxford 9000 system with tape recording from eight 1988 channels, The EEG recording was made from one sphe noidal silver wire electrode on each side and from silver wire electrodes sutured into the skin frontotemporo occipitally over each side of the head. This arrangement made it possible to make continuous recording for up to 3 weeks from a freely moving patient. EEG data were col lected from six or more clinical seizures. Four patients were recorded with intracranial electrodes (intracerebral, subdural, or extradural).
A Tomomatic 564 SPECT equipment was used. Twelve slices with 1 cm interslice distance were recorded about 30 min after an intravenous injection of about 600 MBq of [99ffiTc]_HM_PAO through a cannula in an arm or hand vein.
All patients were injected with [99mTc]_HM_PAO, rest ing supine with open eyes. The i. v. cannula was mounted in an arm vein 1 h prior to the injection and pain stimuli were carefully avoided especially at the time of injection. EEG was recorded continuously, starting 15 min before and ending 15 min after the tracer injection. Except for cases 4 and 5, no ictal epileptiform activity was recorded. The SPECT tomograms were evaluated visually for re gions of marked side asymmetries. In order to establish a normal range of side differences in [99mTc]_HM_PAO up take, the left-right differences were measured separately for regions visually evaluated as normal and abnormal. "Pathological" regions were selected visually as those with the most pronounced side difference and with an area of at least 10 cm2• The" normal" regions were taken from the frontal, temporal, and parietal lobes, where there was no obvious side difference. The percentual dif ference was calculated as the side difference divided by the "normal" side. When both sides were "normal," the side difference was divided by the average value of the two sides. The results are shown in Fig. I. Regional side differences in excess of 5% were considered as abnormal in this study.
RESULTS
The results are summarized in Table (Table 1) , with partial complex sei zures, had a left-sided EEG abnormality, and calci fications in the left temporal lobe. She showed a left-sided reduced tracer uptake on SPECT, as il lustrated in Fig. 2 .
The two cases showing ongoing epileptiform EEG activity (nos. 4 and 5, Table 1) at the time of injection; both showed increased [99mTc]_HM_PAO uptake at the same side. One of these patients (no. 4) is illustrated in Fig. 3 .
The relation between the frequency of EEG, SPECT, CT, and MRI findings is illustrated in Fig.  4 , and the relation between the side localization is summarized in Table 2 . The CT and MRI changes were found mainly in patients with posttraumatic epilepsy or after brain surgery. There was a corre sponding region with low [99ffiTc]-HM-PAO uptake in all cases with focal CT or MRI lesions.
DISCUSSION
The initial distribution of [99ffiTc]_HM_PAO in the brain after an intravenous injection is proportional to the blood flow, but the final intracellular binding of the substance is influenced by factors that are only partly known. The clinical value of SPECT measurements with [99ffiTc]-HM-PAO in epileptic patients must depend upon the relation of the find ings with the clinical history, EEG, CT, and MRI and ultimately on the therapeutic result obtained with selective neurosurgical resections. In only 1 of 12 interictal measurements of local [99ffiTc]-HM-PAO concentration was the region of low activity contralateral to the one expected from the EEG records. This region of low concentration was localized to the left temporal lobe and is con sistent with the patient's history of complex partial seizures. The difference between the EEG record and the HM-PAO image indicated a need for further EEG studies to clarify the origin of the seizures rather than as an example of erroneous localization. Further EEG recordings with temporal subdural strip electrodes revealed that 1 out of 11 recorded epileptic seizures originated in the left temporal lobe, while the remaining episodes originated on the right side. The interictal epileptiform activity was sparse in the left temporal region and abundant on the right side. A standard right-sided temporal lobectomy was made. The patient has not reported J Cereb Blood Flow Metab, Vol. 8, Suppl. I, 1988 any seizures during the 1 month follow-up period. Thus, the enlarged EEG investigation revealed that the left temporal lobe with lower [99ffiTc]_HM_PAO uptake was not normal, although the dominant ori gin of the epileptic activity was on the contralateral side. Obviously, there is a need for quantitative data in normal subjects in order to be able to dem onstrate the existence of bitemporal abnormalities, as has been demonstrated in PET studies of patients with partial complex seizures (Yamamoto et ai., 1983) .
Of the two patients with ongoing ictal EEG ac tivity at the time of [99ffiTc]_HM_PAO injection, one patient showed a widespread unilateral EEG abnor mality as well as an increase in [99ffiTc]_HM_PAO uptake in the entire afflicted hemisphere (Fig. 3) . The second patient showed a very restricted EEG focus and a much larger area of increased tracer uptake than the EEG focus. Correspondingly, in the interictal studies, the areas of low tracer uptake were usually much larger than the extent of the ep ileptogenic focus. Until the pathophysiology and significance of interictal hypoperfusion are under- stood in greater detail, the regional distribution of the SPECT abnormality will have to be used with due care when a neurosurgical intervention is planned.
Abnormal findings in percent 
CONCLUSION
In our hands, the SPECT technique with [ 99 mTc]_ HM-PAO showed regional abnormalities in excel lent agreement with EEG in 12 out of 14 patients with focal epilepsy. In two patients with localized active seizure activity during the [ 99 mTc]_HM_PAO administration, the uptake of the tracer substance was markedly increased in the region with the EEG discharge. In the majority of the remaining patients, a reduced [9 9 mTc]_HM_PAO could be demon strated. Only about 30% of the patients showed CT or MRI abnormalities.
We conclude that a SPECT study with [ 99 mTc]_ HM-PAO is a valuable adjunct in the presurgical workup of patients with therapy-resistant focal ep ilepsy. 
